Abstract : Thrombotic thrombocytopenic purpura (TTP) is a rare complication of connective tissue diseases. Here, we describe 2 patients with mixed connective tissue disease (MCTD) who had pericardial effusion and TTP. They had moderately low to normal ADAMTS13 activity and no ADAMTS13 neutralizing antibodies. Both patients responded poorly to plasma exchange. One patient died due to multiple organ failure and the other due to infection. Although rare, TTP is an important complication that leads to a poor prognosis in MCTD patients.
INTRODUCTION
Thrombotic thrombocytopenic purpura (TTP) is a microvascular occlusive disorder characterized by a pentad of signs and syndromes, including microangiopathic hemolytic anemia with the presence of fragmented red cells, thrombocytopenia, fever, renal failure and neurological abnormalities. Although the pathogenesis of TTP has not been completely elucidated, TTP is known to occur in association with connective tissue diseases (CTD), infections and some drugs 1) . It has been shown that severe deficiency of the plasma von Willebrand factor (vWF) cleaving metalloprotease, ADAMTS13 (a disintegrin -like metalloproteinase with thrombospondin type 1 motifs 13), activity is important in the pathogenesis of TTP 2) . Although plasma exchange (PE) is known to be effective and is recommended as the first treatment for TTP, PE and other treatments such as immnosuppressive drugs are often not effective in patients with refractory TTP.
Mixed connective tissue disease (MCTD) is a disease that has combined features of systemic lupus erythematosus (SLE), systemic sclerosis (SSc), polymyositis/dermatomyositis, and is characterized by high titers of serum antibodies to the U1 small nuclear ribonucleoprotein (RNP). Although the 10 -year survival rate of MCTD patients is relatively high at around 80%, prognosis can vary depending on the CTD that may eventually develop 3) . While a fairly large number of SLE or SSc patients complicated with TTP have been reported 4, 5) , only a few reports of MCTD patients with TTP exist. Accord ing to these reports, many patients had a poor prognosis, despite various aggressive treatments including PE 6 -17) . We describe herein two patients with MCTD who had a sudden onset of TTP. We also discuss the diagnosis and management of MCTD patients complicated with TTP, with reference to the relevant literature.
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CASE REPORT
Case 1
A 47 -year -old Japanese woman was admitted to our hospital on December 26, 2007 because of severe dyspnea and generalized edema. A diagnosis of MCTD was made because of facial erythema, Raynaud's phenomenon and positivity for serum anti -RNP antibody. Prednisolone was administered in 1994, but was soon discontinued. In 2002, interstitial pneumonia became evident, and administration of prednisolone was resumed, but was soon discontinued. In September 2007, high grade fever and cough developed, and she entered a nearby hospital. Prednisolone (40 mg/day) and antibiotics were given, but dyspnea and edema gradually developed. She visited our hospital in December 2007.
Physical examination on admission showed malar rash as well as erythema of the dorsum of bilateral elbows and close to the nails. Furrows around her mouth perpendicular to her lips and sclerodactyly were present. Auscultation of the chest identified audible fine crackles in the lower aspects of both lungs. The results of laboratory studies performed on admission were as follows : white blood cell (WBC) count was slightly high at 9,300/μl ; hemoglobin was normal at 13.3 g/dl ; and platelet count was slightly high at 430,000/μl. Coagu lation tests were normal. Lactate dehydrogenase (LDH), brain natriuretic peptide and KL -6 were elevated at 302 IU/l, 27 pg/ml and 2,180 U/ml, respectively. Renal function tests were normal. C -reactive protein (CRP) was normal. Immunoglobulin G was high at 2,881 mg/dl ; Immunoglobulin A was high at 470 mg/dl. Anti -nuclear antibody was positive at a titer of 1 : 320 (speckled pattern), and anti -U1RNP antibody was positive at a titer of 1 : 8, but other specific antibodies including anti -DNA and antiphospholipid antibodies were not detected. Urinalysis tests were normal. Chest X -ray findings showed enlargement of the cardiac shadow (Fig. 1a) . Cardiac ultrasound revealed a large amount of pericardial effusion. Chest computed tomography (CT) showed massive pericardial effusion (Fig. 1b) , and lung fibrosis, especially in the lower lobes.
Drainage of the pericardial effusion (750 ml) was performed, and she was given intravenous methyl -prednisolone (1,000 mg/day) for 3 days, followed by 60 mg/day oral prednisolone. Her pericardial effusion almost disappeared. However, hemolytic urine and nasal bleeding developed on January 11, 2008. The results of laboratory studies performed at that time were as follows : WBC count was 11,400 /μl ; red blood cell count, hemoglobin and hematocrit were decreased at 3.68×10 6 /μl, 10.7 g/dl and 32.6%, respectively. The reticulocyte ratio was elevated at 109‰. Platelet count fell to 55,000 /μl. A peripheral blood smear showed many (>100) schistocytes per field. Fibrin/fibrinogen degradation products and D -dimer were slightly elevated at 5.5 μg/dl and 2.1 μg/ml, but other coagulation tests were almost normal. Total bilirubin and indirect bilirubin were elevated at 2.76 and 2.52 mg/ dl, respectively. Aspartate aminotransferase (AST) and LDH were elevated at 49 and 3140 IU/l, respectively. Blood urea nitrogen (BUN) was elevated at 42.8 mg/dl, but creatinine was normal at 0.38 mg/dl. Haptoglobin was undetectable. Albuminuria and hematuria were apparent in urinalysis. ADAMTS13 activity was 114.3% and antibodies to ADAMTS13 were not detected on January 17, 5 days after the first PE.
Although there was no fever or neurological symptoms, a diagnosis of TTP was made because of the presence of hemolytic anemia with fragmented cells, thrombocytopenia and renal failure. Daily PE was carried out for 5 days starting on January 12, after which PE was continued 3 days per week (fresh frozen plasma, 3,200 ml per PE was used). In spite of continuous PE and high -dose prednisolone treatment, her renal failure aggravated, and she underwent hemodialysis and another PE. Her platelet count gradually increased during the last 10 days of February, but she developed esophageal bleeding and pneumothorax. She died on March 22 due to multiple organ failure.
Case 2
A 61 -year -old Japanese woman visited the emergency room of our hospital on December 22, 2009 because of dyspnea, edema and a nonambulatory state. She was diagnosed with SSc when she was 51 years old based on sclerodactyly, Raynaud's phenomenon and positivity for serum anti -nuclear antibody, and was admitted to our division on an irregular basis. In October 2009, she experienced lumbago and lower leg pain, and was admitted to the division of orthopedics where she was diagnosed as having herniated lumber discs. She was given non -steroidal anti -inflammatory drugs, but her pain did not improve. Her state worsened, showing obvious face and leg edema.
Physical examination on admission showed face and bilateral leg edema, erythema of the dorsum of bilateral elbows, heliotrope rash, Gottron's sign and sclerodactyly. Blood pressure was 157/80 mmHg and oxygen saturation was 96%. The results of laboratory studies performed on admission were as follows : WBC count was normal at 6,700/μl ; hemoglobin was low at 8.1 g/dl ; and platelet count was low at 78,000/μl. Fibrin/fibrinogen degradation products and D -dimer were slightly elevated at 6.5 μg/dl and 3.8 μg/ml, respectively, but other coagulation tests were normal. AST, alanine aminotransferase, LDH and creatine kinase were elevated at 331, 118, 1,492 and 4,699 IU/l, respectively. BUN and creatinine were elevated at 27.5 and 1.24 mg/dl, respectively. Serum CRP level was normal. Immuno globulin G was high at 3,256 mg/dl ; Complement value (CH50) was 19.9 U/ml, C3 was 35mg/dl, and C4 was 6 mg/dl, which were all low. Anti -nuclear antibody was positive at a titer of 1 : 2,560 (speckled pattern), anti -DNA antibody (Radioimmunoassay) was elevated at 15 IU/ml, anti -U1RNP antibody was positive at a titer of 1 : 128, and anti -SS -A antibody was positive at a titer of 1 : 4, but anti -Jo1 antibody was negative. Albuminuria and hematuria were detected in urinalysis. A chest CT showed bilateral pleural effusion. An echocardiogram showed a moderate amount of pericardial effusion, left ventricular hypertrophy and a moderate grade of mitral regurgitation.
Although a skin lesion and elevated creatine kinase were observed, the patient could not be diag- nosed as having dermatomyositis. She fulfilled the classification criteria for SLE (citation) based on pleuritis, low platelet count, and positivity for serum antinuclear antibody and anti -DNA antibody. However, the titer of anti -DNA antibody was not very high, and various possible causes of pleuritis other than SLE were considered. On the other hand, her anti -U1 RNP antibody titer was high, and her symptoms and laboratory examination fulfilled the diagnostic criteria of MCTD (citation). Therefore, the patient was re -diagnosed as having MCTD. She received 1,000 mg/day intravenous methyl -prednisolone for 3 days, followed by 60 mg/ day oral prednisolone. However, her physical condition deteriorated, with decreased urine volume and increased systolic blood pressure to approximately 180 mmHg. Laboratory examination revealed hemolytic anemia (the ratio of reticulocyte was elevated at 183‰, total bilirubin was elevated at 2.0 mg/dl, and haptoglobin was not detected, although direct and indirect Coombs tests were negative), thrombocytopenia (platelet count was 66,000/ μl), and progression of renal failure. A peripheral blood smear showed five to six schistocytes per field. On December 28, her consciousness level worsened. ADAMTS13 activity was low at 36.6% and antibodies to ADAMTS13 were not detected. A diagnosis of TTP was made, and PE with 3,200 ml of fresh frozen plasma, was immediately started. After treatment, she regained consciousness and her blood pressure went down. However, renal failure and thrombocytopenia did not improve. PE was discontinued after 10 treatments because her general condition had improved. The dose of prednisolone was gradually tapered. In late February 2010, she had a sudden onset of dyspnea. Chest X -ray and chest CT showed interstitial shadows in both lungs. β -D -glucan was positive at 58.8 pg/ ml. Pneumocystis jiroveci pneumonia was highly suspected. Trimethoprim -sulfamethoxazole in combination with antibiotics was given, but her general condition worsened, and she died on March 2.
DISCUSSION
Although the pathogenesis of TTP has not been clearly elucidated, recent studies have shown that severe deficiency of ADAMTS13 activity plays an important role in the pathogenesis of TTP 2) . Absent or severely reduced activity of ADAMTS13 in patients with TTP impairs the timely cleavage of unusually large multimers of vWF when they are secreted by endothelial cells. Uncleaved multimers induce adhesion and aggregation of platelets in the blood flow. An acquired defect of ADAMTS13 activity, such as that caused by anti -ADAMTS13 autoantibodies, can lead to TTP 18) . Systemic micro vascular aggregation of platelets in TTP patients causes ischemia in the brain and other organs. TTP and hemolytic uremic syndrome (HUS) are two typical phenotypes of thrombotic microangiopathies (TMAs). Although severe deficiency of plasma ADAMTS13 activity is more common in TTP, it is difficult to distinguish between TTP and HUS.
Acquired TMAs can be classified into 2 catego- . SLE and TTP have similar symptoms, such as hemolytic anemia, thrombocytopenia, renal dysfunction and neurological symptoms. Differential diagnosis is difficult in some cases, but is very important, because the treatments are quite different. Matsuyama et al. recently reported on thrombotic microangiopathies (TMA) in patients with CTDs including SLE, SSc, polymiositis/dermatomyositis, and rheumatoid arthritis, but patients with MCTD were not included in their study. In this report, they classified TMAs in patients with CTDs into two categories : a minor population with ADAMTS13 activity that was almost completely inhibited by neutralizing autoantibodies, and a major population with normal or moderately reduced activity. The former group had a better therapeutic outcome than the latter 20) , i.e., the prognosis of CTD -TMA patients was worse compared to that of acquired idiopathic TTP patients.
Few MCTD patients with TTP complication have been reported. We have summarized the 14 patients reported, including our 2 cases, in Table 1 (including Japanese literature). All except one case were women, and the age and duration of MCTD varied considerably. The patients were treated mainly with prednisolone and PE. Eight patients died despite intensive treatment. ADAMTS13 activity and neutralizing antibodies were measured in very few patients. Past case reports showed that prognosis of MCTD could be far worse when accompanied by neurological manifestations of TTP 14) . Another report showed that existence of refractory pericardial effusion indicated dysfunction of microcirculation 11) ; thus, this symptom might also be a sign of worse prognosis. Although extremely rare in MCTD patients, TTP is a complication that has one of the worst prognoses. Although a standard protocol for treatment of this condition has not been established, it is clear that early diagnosis and treatment would lead to a better prognosis.
It is difficult to clarify the underlying mechanisms that cause CTD -TMAs. Some CTD patients, especially MCTD patients, have complications of pulmonary hypertension 3) . A higher prevalence of anti -endothelial antibodies has been reported in sera obtained from MCTD patients 21) . These data might suggest that endothelial cell abnormalities such as endothelial cell proliferation and endothelial cell injury exist in these patients. Matsuyama et al. suggested that impaired vascular endothelial function due to vasculitis caused by CTDs might prevent the efficient cleavage of unusually large vWF multimers by ADAMTS13. They also suggested that narrowed vessel cavities in CTD patients that are due to the proliferation of vascular endothelial cells generate high shear stress, which causes platelet thrombi to form due to a tendency of platelets to aggregate and because of elevated plasma levels of vWF 20) . Also, interference with the attachment of ADAMTS13 to endothelial cells in vivo (for example, as a result of ADAMTS13 -receptor blockade by other types of autoantibodies) might cause TTP 18) . Because the prevalence of TTP in CTD patients is relatively high (1% to 6% of patients with CTD) 22) , injury of endothelial cells and the presence of autoantibodies may be important factors that cause CTD -TMA.
In our cases, although we could not measure ADAMTS13 activity immediately after development of TTP, ADAMTS13 activity was normal or only moderately decreased, and ADAMTS13 neutralizing antibodies were not detected in either patient. Since neutralizing antibodies were not detected, the patients were treated mainly by PE, and immunosuppressants, except for prednisolone, were not given. These treatments were clearly not effective.
Pericardial effusion was observed in both patients. The presence of chronic pericardial effusion in SSc patients has been reported to suggest the existence of microvascular abnormality 23) and poor prognosis, often complicated by renal failure 24) . However, especially in case 2, we cannot completely rule out the possibility that cardiac effusion was caused by heart failure. Cardiac effusion might suggest the existence of microvascular injury in our cases. It was also reported that platelets transport high amounts of vascular endothelial growth factor (VEGF) in systemic sclerosis patients 25) . Although we did not measure serum VEGF levels in our two patients, VEGF might be important in the pathogenesis of pericardial effusion and systemic edema in TTP patients.
In summary, we have reported 2 MCTD patients complicated with TTP. TTP is a rare but life -threatening complication in MCTD patients. In order to clarify the pathogenesis of this condition, and to establish useful predictors and effective treatments, more cases need to be accumulated.
